Water scarcity and water conflict between rice farming and shrimp farming are major concerns in the coastal area of Vietnam. Developing an appropriate water allocation scheme may be a solution in this situation. To provide information on water use efficiency for water allocation problems, in this study, we assessed the value of water use for irrigation and shrimp farming using the Residual Value Method. Face-to-face interviews were conducted with 144 households in the target area to collect data relating to farming activities, such as average yield, input cost, and output benefit. In combination with estimates of water volumes to irrigate rice paddies and to supply shrimp farming, the water value was evaluated.
INTRODUCTION
Water scarcity has attracted the attention of water resource managers in the face of growing water demand beyond water supply or water availability. This problem requires the more efficient management and use of water resources in a community for the sustainable development of river basins. Considering water as a free and unlimited good in the past resulted in the wasteful use of water and competition for water between upstream and downstream users, and among different sectors. Thus, it is important to assign economic value to water to improve water resource management 1) . The economic water value is defined as the amount that a rational user is willing to pay for a publicly or privately supplied water resource 2) . Using the value of water in monetary terms, we can compare the economic returns yielded by different sectors/users, and then provide equitable resource allocation among them 3)4) . Guided by such goals, several valuation techniques have been developed. Among them, the residual value method (RVM)
2)5)6) is commonly used, especially when water is considered as an intermediate or a producer's good, such as for irrigation, industry, and hydroelectric use. If each resource (input) except water resource is priced, the difference between the total value of the output and the cost for these inputs can be attributed to the water resource 1) . Although RVM has limitations, discussed in detail by Agudelo 1) and Speelman et al. 7) , it has been used widely due to its simplicity in both data and application in comparison with other methods. Speelman et al. 8) , Li et al. 9) , and Berbel et al. 10) used RVM to assess the value of irrigation water for different crops in South Africa, Shanxin Province (China), and the Guadalquivir river basin (Spain), respectively.
In a coastal region, agriculture and aquaculture are two of the largest water consumers. Conflict over water resource between crop farms and fishery farms often occurs and tends to be extremely fierce because of water quantity and quality degradation. In this context, understanding water value can be a possible non-structural solution to improve water use efficiency and to manage water conflict. Nevertheless, studies related to the valuation of water in fish farming are rare compared with those on the valuation in irrigating crop farms. A literature review indicated that only Renwick 11) had estimated the net economic returns contributed by irrigated agriculture and reservoir fisheries in Sri Lanka. The economic returns per cubic meter of irrigated water were reported to be 0.013 USD/m 3 . It was stated that the value of fisheries was about 18% of the total economic returns in irrigated paddy production.
The Mekong River Delta is considered the most productive area in Vietnam, contributing ~56% of annual rice production and ~70% of annual aquaculture production to the country 12) . Water demand in the dry season for irrigation and fish farming is very high. Currently, farmers do not pay for water, so they do not care about water saving, which makes water scarcity worse. Thus, this study was aimed at assessing the water value of both irrigation and fish farming in Soc Trang and Bac Lieu provinces, located in the Mekong River Delta, using RVM so that a knowledge of water value may raise water users' awareness regarding the sparing and efficient water use.
MATERIAL AND METHODS (1) Study area
Soc Trang and Bac Lieu provinces are located on the south-eastern side of the Mekong River Delta. Their total area is 5,881 km 2 , of which 82% of the natural area is occupied by cropland and fishery reservoirs 9) . The climate is tropical monsoon with two distinct seasons: rainy season (May to November) and dry season (December to April). The average temperature ranges from 25 to 28.5 o C, the annual rainfall is 2000-2400 mm, and average hours of sunshine are 7.09 h/day in the rainy season, and 9.01 h/day in the dry season.
Soc Trang province, next to the Bassac River, extracts a large volume of freshwater from the Bassac River to irrigate rice paddies in the dry season, whereas Bac Lieu province is far from the Bassac River and receives freshwater primarily from the Quan Lo Phung Hiep canal (Fig.1) . Freshwater availability, however, cannot meet the water demand in Bac Lieu province. To take advantage of brackish water in this region, brackish shrimp farming has increased markedly since 2000. According to data from the General Statistics Office of Vietnam, the shrimp farm area increased from 95,400 to 199,400 ha during the 2000-2015 period whereas the rice farm area decreased, from 166,000 to 156,000 ha in the 2000-2005 period 13) . Because salinity control infrastructure was constructed, resulting in reduced water salinity in the canal, rice fields in Bac Lieu province increased slightly after that. The expansion of the shrimp farm area has caused conflict between farmers in Soc Trang and Bac Lieu provinces. This is because there is a combined canal system to supply water for both irrigation and shrimp farming. In the dry season, water in Soc Trang province, mainly occupied by rice fields, is contaminated with salt because the sluice gates in the coastal area are opened to take seawater to shrimp farms. In contrast, more freshwater, which is supplied to rice fields, will dilute the saline water, which is then unfavorable for shrimp development 14) . (2) Household interviews Secondary data, concerning costs, selling prices at the farm gate, yields, and cultivated areas in the study area, are insufficient for an analysis. Thus, to gain information on rice and shrimp production for the Spring season (December to Feb/Mar) in 2015, face-to-face interviews were conducted in the target area from July 12 to July 30, 2016. In total, 144 households, 78 shrimp and 66 rice households, were selected randomly and interviewed using a semi-structured questionnaire. The data provided are current and reflective of the situation in the study area. Because face-to-face interviews were conducted, the percentage of responses was 100%. All questions were pre-tested with several local residents and translated into the local language so that the local farmers could understand them, which eliminated any misunderstanding of information or the terms used. Fig.1 shows the location of survey points. Data obtained from interviews, and literature, and used for RVM are shown in Table1.
(3) Estimation of water value using the residual value method (RVM)
To determine the value of water for irrigation and shrimp farming, RVM was used. Unlike other input resources, such as fertilizer, land resources, and seeds, which are measured by market price, irrigation water and water used for aquaculture are not priced by the market in the study area. Because of the lack of a market for water-related goods and services, the economic value of water is called the shadow price. The shadow price of water refers to the price that farmers would need to pay to account for the actual value of the water 15) . Following RVM, the shadow price of water can be obtained by subtracting the non-water input costs from the total value of outputs. Divided by the amount of water used for production, this value yields the value of water (RVw) in USD/m 3 , as shown in Equation (1) .
where TVP (USD) is the total value of outputs, TVC (USD) is the total cost of non-water inputs, and Qw (m 3 ) is the amount of used water.
RVM can be used when the residual input (water, in this case) contributes a large fraction to the output value, 16) such as for irrigated agriculture and aquaculture. Despite broad applicability of RVM due to its simplicity with regard to data and practice, RVM suffers from several limitations. Any inputs not accounted for in the RVM calculation are known as "unknown inputs" to water. Thus, the water value calculated from Equation (1) is a maximum value. Any biases in input data will accumulate in the water value. Finally, due to differences in yields, production factor inputs over location, and crop types, an aggregate water value over places or crops would be even less accurate 15)17) . There are two points that should be addressed to minimize the limitations of RVM: (1) all input costs should be included and (2) the prices of inputs that have not been correctly priced before should be determined
10)16)18)
. Regarding inputs for rice farming, the costs of fertilizer, herbicides, pesticides, seeds, fuel, land rent, and labor were considered; for shrimp farming, the costs of feed, medicine, seed shrimp, electricity, fuel, machinery, land rent, labor, and other costs were considered. Among costs for intensive shrimp I_167 farming, initial costs involve buying machinery/equipment, such as pumps, paddle wheels, and aerators, and hiring excavators to dig the shrimp pond as well as to rent the land. Initial costs for extensive / improved extensive shrimp farming include pond preparation and land rent. Although many households used unpaid family labor, labor costs were corrected based on interviews with farmers in the study area. A value of 164 ±25 USD/ha (n = 53) was used (1 USD = 22,000 VND) for rice farming, and 417±45 USD/ha (n = 13) and 727±85 USD/ha (n = 32) were used for extensive and intensive shrimp farming, respectively. The total value of outputs was calculated by multiplying selling price by yield.
4) Estimation of water requirements a) Water requirements for rice
Rice usually grows from December 1 to late March or early April for the spring season in the study area. The total spring rice areas were 141,330 and 46,215 ha in Soc Trang and Bac Lieu provinces, respectively. Most rice varieties have short growth durations, in the range of 95-120 days from sowing to harvesting. Before sowing, soil is prepared by saturating the soil layer with water. Guerra et al. 24) indicated that the water level requirement for land preparation in Asian countries was in the range of 150-250 mm. In this study, the water level for land preparation was taken as 200 mm.
To estimate irrigation water demand, a field water balance equation was used as presented in Equation (2) 25) .
where St and St-1 are the water levels at time periods t and t-1, respectively, It is the irrigation amount, ERt is the effective rainfall, ETct is the crop evapotranspiration during period t, and SPt is the water loss due to seepage and percolation during period t. Fig.2a shows water balance on a paddy field.
The calculation of equation (2) was made in daily steps, and all values were measured in mm. After that the total effective rainfall, total water requirement, and total irrigated water were summed up for each month. The values of the crop coefficient, Kc, were taken from Vietnam standard TCVN8641-2011 22) . The crop evapotranspiration ETc was obtained by multiplying Kc by the potential evapotranspiration ET0. The value of ET0 was calculated using the ET0 calculator developed by FAO, 26) with input data including average monthly maximum and minimum temperatures, monthly humidity, average wind speed, and sunshine hours at Soc Trang station. These data were taken from the Vietnam general statistical book 19) . Rainfall data for the period 1990-2010 were used to estimate effective rainfall, based on the USDA SCS formula. The value of seepage and percolation SP was reported by Tuong et al. 20) to vary from 2.6 to 3.6 mm/day. An average value of 3.1 mm/day was used in this study. According to local irrigation practices, ponding depths in paddy fields range from 30 to 80 mm. 
b) Water requirements of shrimp
There are three types of shrimp farming method in the study area: extensive/improved extensive, semi-intensive, and intensive farming. They differ in terms of stocking density and feed management. In the total of 196,371 ha of shrimp fields, the first occupies 71.7%, the second, 8.9%, and the third, 19.4%. This study, therefore, focused on the two major methods, extensive/improved extensive and intensive shrimp farming. Black tiger shrimp (Penaeus monodon) and whiteleg shrimp types are raised widely.
The water amount used for shrimp farming is expressed in Equation (3).
where Ws is the water depth kept in the pond during the growing time. Ws is supplied initially. According to the Vietnam standard for intensive culturing of tiger shrimp, Ws ranges from 1.5 to 1.8 m 21) ; for extensive/improved extensive, it ranges from 1.0 to 1.5 m based on local practices. The average values of 1.65, and 1.25 m were used in the calculation for intensive and extensive/improved extensive methods, respectively. SP and ETw are the water loss due to percolation/seepage and evaporation. Wex is to exchange water to maintain the water quality of the pond. Water is added twice per month during the 4 months of shrimp growth. The amount of exchange water is 10-15% of Ws 21) . R is rainfall. The surface water evaporation, ETw, is considered to be 1.05 × ET0 27) . Water balance for a shrimp pond is illustrated in Fig.2b . The water amount used for pond cleaning initially is 1 m for intensive 21) and 0.3-0.4 m for extensive/improved extensive farming 28) . Thus, the total water mount required for a shrimp season should include water used for pond cleaning.
RESULTS AND DISCUSSION (1) Economic value of irrigation water
Summary results of the total water requirement and irrigation amount on a monthly basis are presented in Table 2 . The land preparation water, 200 mm, should be added to the irrigation amount; thus, the total water supplied for a dry season crop in the study area is 1123 mm. This estimated amount is similar to the results reported by Mullick et al 4) and Hoang et al. 29) Average yield, selling price at the farm gate, and costs were computed from interview data ( Table 3) . First, the total benefit (USD) was calculated from the product of average yield (tons/ha), total area (ha), and selling price (USD/ton). The unit cost (USD/ha) multiplied by total area (ha) equals the total cost (USD). The difference between the total benefit and total cost is the net return benefit. Although the average yield in Bac Lieu is lower than that in Soc Trang, the selling price in Bac Lieu is higher than that in Soc Trang because of the higher quality rice varieties. Regarding total cost, Soc Trang had higher input costs because the farmers paid more for seed in Soc Trang than did those in Bac Lieu. Because the seed was sold by different agencies, the price varied. Additionally, the sowing density is not the same, which impacts on the total amount of seed. Thus, the two provinces differ in the cost that farmers have to pay. The net income per unit area was obtained by dividing the net return benefit (USD) by the total area (ha). These values for Bac Lieu and Soc Trang provinces were 608 USD/ha and 679 USD/ha, respectively. Because the total rice areas differ in the two provinces, the net incomes per unit area in each province may be useful in comparing land use productivity. The return benefit per unit area in Bac Lieu province is lower than that in Soc Trang province.
The amount of water used (m 3 ) in each province is the product of total rice area (ha) and sum of irrigation for 1 ha of rice. By taking the ratio between net return benefits and the amount of water used, the water value of rice can be estimated. Because 1,123 mm water was used for rice production, the average values of irrigation water were 0.054 USD/m 3 in Bac Lieu province and 0.060 USD/m 3 in Soc Trang province.
The value of irrigation water for the Nam Thach Han System in Vietnam was estimated at 0.045 USD/m 3 (for rice in the 2001-2003 seasons) 30) . A literature review suggests that our results are reasonable. The results differ in other studies because the value of water depends on the location, time, irrigation technology, and crop types.
(2) Economic value of water used for shrimp farming
The amount of water supplied to 1 ha shrimp farm for 4 months (December to March) is shown in Table   I_169 4. The estimated values were 4.88 and 3.51 m for intensive and extensive/improved extensive farming, respectively. The economic benefit of shrimp farming is provided in Table 5 . By multiplying the water depth by the farm area, a total water volume of 6,802 ×10 6 m 3 is needed for all types of shrimp farming in the dry season in two provinces. Due to artificial feed and careful management, the intensive-type farm harvests a higher yield than the extensive type, but the intensive farm products are sold for less.
The net return benefit per unit area for shrimp farming is calculated in a similar way to that for rice farming. The values were 28,368 USD/ha and 934 USD/ha for intensive and extensive/improved farming in Bac Lieu Province, respectively. For Soc Trang Province, the values were 32,760 USD/ha and 1,190 USD/ha, respectively. The economic water value was calculated as the net return benefit (USD) per the amount of water used (m 3 ) for each shrimp farming method. The water values for intensive shrimp farming were 0.58 USD/m 3 in Bac Lieu province, and 0.67 USD/m 3 in Soc Trang province. For extensive/improved farming, the values were about 0.03 USD/m 3 in Bac Lieu and Soc Trang provinces. Because intensive shrimp farming requires the application of technology and a good knowledge of shrimp, it shows higher efficiency in terms of water use and land productivity than extensive shrimp farming. This suggests that the water value can be improved if a high level of technology is applied, and this should be a trend in the near future in this region. While the water value of intensive shrimp farming is about 10 times higher than that of irrigation, the water value of extensive shrimp farming is half of that of irrigation. Generally, the land productivity in monetary terms (USD/ha) for shrimp farming is much higher than that of rice farming. The total amount of water required for a shrimp season is also triple that for a rice season. Our findings would seem to be relevant for informing water resource managers of the return benefit of water, and in helping them to make water allocation decisions. Although it is obvious that intensive shrimp farming generates a higher income than rice farming, all rice areas cannot be converted to shrimp farming because of the constraints associated with land use planning and national food security. Additionally, intensive shrimp farming needs such high input costs that many poor households simply cannot afford it. In summary, beyond economic maximization, achieving social equity and environment sustainability should also be considered when water allocation decisions are made. The study area has distinct hydrological conditions in that it has extensive salinity intrusion in the dry season, and temporary control structures were installed to prevent brackish water from shrimp farms and the sea from intruding into rice fields. Based on current land use and water quality for each purpose, there are two separate zones in the study area (Fig.2) . Paddy rice, which uses freshwater with salinity less than 4 g/L, is dominant in Zone I, whereas, shrimp farming, which uses brackish water with a most suitable salinity of 10-25 g/L is dominant in Zone II. Water competition often occurs in the study area. Not only paddy rice but also other crops and domestic water use in Zone I are affected by salinity intrusion if more brackish water is subtracted for shrimp farms in Zone II in the dry season. Intensive withdrawal of water for paddy rice reduces freshwater downstream of the Quan Lo Phung Hiep canal, which may increase the salinity over the I_170 threshold for shrimp development.
From the water demand side, the total amount of water required for rice and shrimp farming was estimated. The water values are shown in this study. In the next step, in combination with the water supply side, the multi-objective water allocation problem should be addressed. The objective functions are the net return benefit, minimization of water shortage, and social equity. The constraint side of the problem includes freshwater availability, brackish water availability, and water salinity level. To determine the economic objective function, the water values for irrigation and shrimp farming are required.
By combining a hydrodynamic model and addressing the water allocation problems, we can decide on the volumes of freshwater to be used for paddy rice and the volume of brackish water for shrimp farming, to keep water salinity at control locations in suitable ranges for each use.
CONCLUSIONS
In this study, we used RVM to estimate the value of water in agriculture and aquaculture farming. To obtain information on various input costs and output benefits, face-to-face interviews with households were conducted in the study area. To estimate the amounts of water supplied to rice and shrimp farms, water balance equations were used: 1,123 mm water is needed for a ha rice season, and 3,510 to 4,880 mm water for a ha shrimp season for extensive and intensive farming, respectively. 31) . Due to a lack of water withdrawal monitoring at the field level, the water volumes supplied for paddy fields and shrimp farms were calculated from secondary data. This may not reflect water withdrawal accurately. Although RVM is based on simple economic concepts, and is sensitive to cumulative errors in inputs, it provides a measure of performance of water in its use. It follows that we can compare different water uses and determine a suitable water allocation. In this study, we attempted to overcome the problems of RVM by introducing costs for unpaid family labor. Since the value of water can change over time and location, and depends on water input, the one-point estimated values in this study may be simplistic. In addition, this study did not deal with water quality, which has a big impact on output.
ACKNOWLEDGMENT:
The author would like to thank her scholarship donor, Japan Ministry of Education, Culture, Sports, Science and Technology (MEXT) for funding this research. Our gratitude extends to institutes in Vietnam including the Southern Institute of Water Resources Research, Southern Regional Hydrometeorology Center for providing data, and local friends for guidance during interviews. 
